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PURPOSE: A ferroelectric 
random access memory and 
fabrication method thereof are 
provided to prevent decrease of 
the capacitance caused by the 
size limit of an upper electrode 
and a short circuit between an 
upper and lower electrode. 

CONSTITUTION: Two 
neighboring transistors are 
formed on a semiconductor 
substrate(31). The first isolation 
layer(35) and second one(42) 
with openings to expose a 
portion of the first one are 
formed on the substrate. Two 
lower electrodes(41) are filled 
inside the openings. Two upper 
electrodes(44) are formed on a 
ferroelectric layer(43) with the 
same width as the lower ones. A 
portion of the upper electrodes is exposed to be connected to a plate line(47) 
through the third isolation layer(45). A word line(32), source(34b) and common drain 
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(34a) of a transistor are connected to a bit line(37) and isolated from each other by 
the first isolation layer(35). Poly silicon layers are used to connect the lower 
electrodes of a capacitor to the source. Ti nitride layers(40) and Ti silicide layers(3 ) 
are used as a diffusion barrier and an ohmic contact layer respectively. 
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SAffA/ 



£ \B BB^S! 1T/1C 751 STfe FeRAMHi §3hfflSE. 

£ 2^ e^^l^Oil (ttEl HI5B FeRAMg EAIff 75 BSE, 

£ S ^ h g°i Oil Oil FeRAMM EAIff 75 B2£, 

£ 4a LHXI £ 4cfe g ^g£| H1 1*j A| Oil Oil DJS FeRAM2J HI 5 SBI £Ai£|- g§ BSE. 
£ 5a{=r & HI2ftIA|0l|0il D! FeRAM^J S3HIS£. 

£ 5b^ £ SaCHI CUB aiOIOhSE. 

£ 6a LHXI £ 6cfe ^ HI 261 A| Oil Oil FeRAMSJ HI 5 ^1 £A|» g§ 

£ 7^ » S| 311361 A| Oil Oil (&S FeRAM2j aiOK»5E, 

£ 8a LHXI £ 8cfe « Bg£| HI36! A| Oj|0|| WtB FeRAMSI HI5 ^1 EAIff S§ 
£ 9^ S gfg£| »I46IA|0||0|| OS FeRAMSj aiO|OhS£, 

£ 10a LHXI £ 10d^ S HI4^A|0||01I OS FeRAM^I HI 5 £A|§> g§ E+£< 

£ 10efe £ 10d2| x-x'^Oll WtB BSE, 

£ 11a LHXI £ 11dte ^ l^°J HI5^A|0j|0il 1^ FeRAMS) HI 5 SBi EAI& g§ BB< 

*£S°j ^fi ¥^011 PieF g 

31 : tUEHPIS 35 : H1 1 S S S 

41 : 8WS^ 42 : X-H2SEB 

43 : 3«aX|0t 44 : 6f¥S^ 

45 : HI312M 47 : MaiO|MEJ£] 



,1 i 



e e*£Hi^»2i his a a oil as asasi oiisa^xi- gy nz\ is yaoii ati- sjoid. 

ttasiSS. OII2a ^XrOIIAI asaxil(Ferroelectric) HW# 39? a SI 3H MAI a Oil MgS2g^ DRAM(Dynamic 

Random Access Memory) Oil AH WQ.m £1531*1 (Refresh) 2] StflB ^5rH CHg^oj 0)|2£IS OISB 4^ £X r 2| 
aaaolSQ. OiaB asaai *mfi Olgofe 9ffaa Oliaa ^XKFerroelectric Random Access Memory; 01 
6r 'FeRAM' 01 a fifSB) r^Xrfe dlflKg fflisa ^XKNonvol at i le Memory device)2] i§2^ 2^01 2§CH2 # EH Oil /HE 

xhs §ss ^isjsjfc saoi sis »a om a as* dramchi n38 r oi xuiicn ji^^x^ jack 

01 afi FeRAM ^X r 2| ^fiSb SrBbTa 2 0 9 ( 01 or 1 SBT ' a 9J8B)» Pb(Zr ,Ti )Q( 01 or 'PZT'a sfSBja &8 aSSfll 
omhOI AhSSM. &#2xll a^g Ahso||AH SS^I 4^ Oil AH ^aiOII 01 §D| = }H°J &SB a#?S = (Remnant 

polarization; Pr) &EHB JJIQ 9iO\ 0|> e|Q|Sr8r01 Blfl (Nonvolat i le) HIS a 4:Xr^2J ggOl ^S9H °iC r . 

2^2 31 ^Q|M OlgSr^ tilfltfg DilSa ±X[^, D[f>\\^\= 23HS2I »»og ~^o| 'g^g £^5r01 Ajmg £Ji*6r 

a?i9B aiinstas cm acn&fe sws^ai &»oii 2ioH qxib 2^ -ra 'O'i nsa r ^ si^aiaAi^ 

(Hysteresis) mgm OlSffCK 

FeRAM SXrOIIAH aSSfll 3HHHAI EH ^| SSafll SWSS/H a*6t PZT * SBT 21 Oil fill SH^K>| M(Perovsk i te) 

»te Sr,Bi y (Ta,Nb,) 2 0 9 (OI8r SBTN) S2I S*a*|ttWB A r g8r^ §?, g&£i©S aj = (pt). OiaS(lr). ^Eil^(Ru), 01 

as^a^(iro), ^aitetf»at(Ruo). ai|g»3(pt-aiioy) b°\ ^^m oisskm 4/awa^B msma. 

£ 1S ^o^oi 1T/1C 951 ^ FeRAM SI SJr^^t^AH , 'C'te ^^^MBWMMEi , 'Q't MOS M^XI^EH, 'WI.WU' 

s mos ^xi^eh2| jioimoii ^naa, 'BL'g mos =&x\±Eis>\ ^/Eaiaoii m^aa. PL ^ BWM 

aieh£| a^a^oii saioiMaas UatbCr. 

£ 2^ E 1011 Ire SSIPI^SI FeRAM £AIS ^£ 

£ 2M SSCIH. aae ¥ MHXI^a^ BEHPIBOl). &£«Pie< 1 1 )2j ±% ¥^0|| ^ egHxi^Qa CrE 

M^HAI^EHZI ^a« ?I6H SSS ^Ar^as|(12), BJE»|5IB( 1 1 )g0|| S&af£JOI 39113^8(15), »l1SaS(15) 

^Oil 5f¥2^(19)I3} a^2^|°4(20)0l 5|§£]2 ^^2^1^(20)^011 6^2^(19)^0- Sfg ^¥ 

a^(2Doi asaai ^huhaieh, 4^2^(21)21 ^§ see ^#Ai3i^ :>h^¥S ?>h ^hkhaiehs s° 

2 AH S&SIB X1l2^9ie(22), HI2^^M(22)2J ^H^P^M S6H ^¥2^(21)011 BEHOIMaS! (23)S 5^f[CK 

nan, ^^ixi^eh^ s^sie! cmos ssoii oa aaafcai, be«pib(h)4K)ii 3iioiea=(« = ae!)(i3)oi m^sm 

, ^I0l^2^(13)g>^2| ^£^PIB(11)LH0|| 0|g^ ¥ ^^A|^Ei£| g§g^ H2|l2J(OI6r ' ^§EB||°J ' 0| a 
)(14a) ^ ^ M^XI^EHSJ ^^(14b)^h »«SO. 

nan, nn^2M(i5)g Hii t 2a^aaoKi5a.i5b)oi ^ai^ m&mo\o\, flnsB^a^d5a)e ^ea r oi ohss 
nn^^Ma3(i6)s Son seHaiej (i4a)oii di^aej(i7)oi s^sin, di^aejdzm ni2e^^a^d5b)CHi °\m m& 

nan, an,2saaaaKi5a.i5b)a i^i^ oi^chs xmaas(i5)a BS8r0i dh^@ ni2^^Ma3d8)^r ^ m^i 

AI^EH2| ^^(14b)2f a»aa 3HIIHAia2| ana^(i9)a s^aiejd. 

£ 20II SEAia eBH^|^2| FeRAM ^^2x-j| 3HIIHAIEH SSAI. 5r¥2^(19), a»aaW(20). ^¥2^(21)M ^Xr^l 

^, ^¥2^(21)^ eiXH ^2|8rH CrB Or^BM 0|g8 r 01 XII OM20)j» 8r¥2^(19)m ^Xr^^^ ^ 

nau, ^en^i^^ y^s^i 5^2^21 a^ien Jrxpppr wascii. n 01^^ or^a^^r 4^2^21 nj\m ^ 



:hi ot& 6^s^^ Ah« a ^ 0 | eafgoi sa#si e*s«s m$L5[j\ o\&j\ rasoia. 



SB AWE ^SHOt 5f°^, a«a»|StOI ±|2t a§0||AH ^^S! idf^Q^I i^SEICH 3 ^^01 3}l gmgCHI II- 

^, ^s^i cm asAi^aaoiiAi sb^hiismi a»a»woi bb^okm ttg^, 01 

xh^ asaawoi Bst^DKHi ^asa, »=oi (+),(-)2i an s»n laf^Dfoii ^en sai°j ^«oh (+) 

SEfe (-)S 3§£|OU0IM Hiy(pinning) S4K)|5f §] . Mil 4^ 21^ SCffil 3313* 331 HlftSCL 

oia oHia^i oh m^-^^m mays « ^xh y ai af§£J3 91^ ^sishoiu lsmcdss ^gsfoi awaaiRS 21 

61^ gfSOl H|o}£jono LK oi^ oh¥2^ a 6^¥S^0il = K AH 1SS 5h¥S|2l SM^XI^ eisFOj y«a«W2| 
m^0\\ 0131801 2*3 8f¥a^0| Stfe ¥^0Ui U^ax^°J g^o^l 3 §5^1 01 BIS BSOI 

SE». S^^i^CHlAH 3HHHAIEH ij£A|, 8h¥a=/&$?a«ot/6Wa^ £¥1 MEiy 8^ §?, 3HDH AIEISI Bxfb 5500a 

01^^ 0I2H& Blib □^3^SA|0il ¥S§ ^01 3HHHAIE1 AhOIS xH?-10^ 6^ Pi, flejSjOl a?4i§j0|| 
CLFE* XH^^ 5101 §§ Oi B| ?-] XI 3 21 CH g^SfOilE 01 dig 01 «CL 

mm, ms^oi ^hchi n> 2-h s^bHdej M^ioi^afoi^ 9hhh ai eizichi m&mmi o^?-j aaaesjs aa 

^ «S CMPS^^ XllXmOl ^¥2^1 ^3 MBilOl^^eiOII 2^8F3XF ol$= gfSOl X|(°t£]3 2i£U. 01 3^ 2^ 
» Qtglb itOI a??a»|Stj» 6i¥2^i S^Oi! SZISS^OI ^OUH SaiO|M^oj5f 8F¥a^0| B^fB *a 

31- 21D. 

oias saisg nas?asiaj« 2«ssfte dramoiiaie 



» ttse ^>^i eeH^i^sj ^xiise oH^api ^ibh zimm ^^^ah, ^¥S^hi 3^1 xiiehoii mm ss^s^^ nsn 
a xi sfecii 3Hiihaieis ?bie asaMioiiaai^n as 3 xii£ xnsa^Qi 3 ^^01 sack 

xirn^ai a^axfloiisej^xfsi xii ^ ^si xiiga^Qi acf. 

s ksbi sEChE a^a^istsi *i^oii cchi a^axii°i£i ^sfg ^xiis^cii ^mm a^axii^e ^bi^ 
asaaioiiaa ±x\ §j 3 xii^ »bi xiigm^ai aa. 



¥oii a^oj 6h¥a^, ^01 cf^^i a^¥a^e ah^ s^ai^ioi ^01 a^si ah¥a^°j seni- s&si-s 01 = ^ 
ssi ^3 ^01 d\b°\ assail xini^g, a^si 6F¥a^m mm^mrn S£i, ^01 
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^S^&OII&J- ^°Sx-1l°t, S! *|CHE £PI Ct^2\ E 3318 £>H S^S^^fe £PI Q^2J 6^¥2 

^0]| Z|Z| CHg^Dl QS-»o££r 2|2|0| £P| a 4*9 8F¥2^0il g§2^ CH»8*fc £PI asa»|Stef2| C^2| ^¥2 



^&^Ai3i &pi 0^21 sf¥a^2i set ^SAi^ife e-^i . £Pi 0^21 s^s^t sse £pi snaas^oii 
m^m sashte e^i. ^01 assails a^ss ai^oi £pi ms^ou&> asAPit bji. spi assit a 
sax-ii^&oii ^chse 6pi sh¥a^ep m b^is 3*2 £Pi a^2\ m^m^ou ^ m^moi e\ 

B J§2^^ ^01 £P| 04*21 8h¥a^0ll CHBStfe ^^^I SgStb B3I8 S»5K« 0l¥Oi§S 



01 SK S BfSOl ^8>te 3|£»0*0||A1 g&2| XI 2*a XPI- g ^g2] AI-&3 SOI SMI *JAIU ^ 91 m 

S ^ Ail SI flgSf^l ¥|SK)| t g ^9 b>9S|K ^AIOIIM 8 SSI- 01 tfBSPIS BDL 

£ 3^ » US 3 XiM^AIOllOil CE^ FeRAM EAIffl- ^5 ^SESAi, E10II £A|@ 6H42| M?\\0\^&°10\\ ¥ MAI 

H2| &¥a^OI CHI <£M^ ^PSOIQ. 

£ 30II £A|g aoi. Bias ¥ MaXI^EP* B1£EHPI»(31). &£»PlfiK31)4*SJ S&sf@ H1 13 28(35). 

*II1S28(35)8 ^§ ^ tMAPIb JH^¥S 5fe XI1 1328(35)^21 HI2328(42) , *II2S28(42)2| }H^¥ 

Oil xH?-l£l 6f¥2^(BE)(41), ^¥2^(41) SI HI23 28(42)^011 asa3«QK43). ^Oi£ ^¥3^(41)^ Zl 3 

a^a«|2t(43)^S| ^¥2^(TE)(44), &¥a^(44)2| ±% in«APIte J I- XI 3 AH ^¥2^ 

(44) SI &«aaiBK43)« HI3328(45), 7313328(45)21 3H^1 mm ^¥2^(44)011 S91 0| s yoj ( PL ) (47) 0 | 

BJEXI^IB(31)6r2| ?-IH^o](32) t EhE3aPIB{31)LH2| ^^(34b) Si (34a)M S^S^ AH S 0I5h[ 

MgHXI^EH ft! SSHaiei(34a)0il U|e^oi(37)o| fl| 13^8(35)011 2J6H ^29CK 

m\H. f »I1§^8(35)^ Df§ ^PS2J XH1,2SZ_^£°t(35a,35b)^^ OI^CHXIffl , XII 1S2>ae!B«35a)8 ^§6^ ^^fi 
8 SoH 5e^aiei(34a)0il g ^a«a3(36)^ S^H, §^&IMaH3(36)0il aiM^£i(37)0| UMi^i^^ 

(35a)^CHI S^£|D1, EEs!" Xll1g£8(35)e ^ h ^^(34b)2J ¥^M in^API^ ?^§i i^H 01 E^iSOil 

S«a3(38). E|Ef^^£|A^0|H(39) SI El E^Saaj(40)2| ^S°|0| OHSaO. 

OI^IAH, §^&iMEH3(36)^ dlM£h2i(37)8 M^XI^EHCHI S^APPI %m ^SjMEH30|D1 S£| M El ^SEi 3(38)^ 3HHH 
A|Ei2i 6h¥S^(42)e Maxima Oil S^APPI flB e^ME-inOIH, ^¥2^(42)^ SEI^E|^MEi3(38) AhOIOil fcf 
^9 EIEffeglFQ|(40)S ^^bHEIOtetOIH, El Ef E| Af 01 E(39)b ^^^^SOIEK 

3EIH, S^aXHOK43)e SBT, BLT, PZT, M^^OI S^a^U i^OI Eg SBT, Eg BLT, PZT, 2||^M^ 

3foim ^?s2i ^saxii^ si itii^M^^^oie zp^oj ^o^fliQi mmM £em<£ §mi 

3EIH, S^¥2^(41)Hf ^¥2^(44)^ , 0|EI§, 0|EI8^SF8, ¥ais, ^E||&^Sf8, Re, Rh SI 0IM2J ^f[^3E 

geoiiAH o\± ami s&eha. 

3EIH, ail. 2, 3328(35, 42. 45)g <i^8, H*f8 SI 0I82I ^l^^^g g Oil AH CH^ 6FU0I01, ^61 X-||2^2§ 

(42)^ TEOS, PSG, BPSG §2J *JE|=#Sm^| 6hlf8. ^El^^sm^l ^sfM SI 0IM2J ^ft^PSSSOII Al ShUOl 

a. 
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mm, mm&muvg xhi3#^9 2^oi:q, x-n3aa*(45)g mm&m&^oiu. 

£ 4a LHXI £ 4cfe ^ ttS°| H1 1 g A| Oil Oil M S«aX|IO||S£|£»£| Xil£ SSI £A|B g§ BBEOIO. 

£ 4a0il £AI9 htt& »OI . B>£EflPIEK31)0ll ^EIS fl» £#«£|BK32)8 H^shin, &£HPIEH31)#0II 

?-IH^o](33)M ?-IH£hei(33) &*2| ^EflPI 5.H31 )LH Oil 0|£^2Jg§g f§6H M^XI^EH^j ±;/^ft\o\ 

(34a,34b)§ Sg&CK 

0\D\M , ^^/Haiei(34a,34b) g ^^/H£i|o](34a)^ ^ 8HJ2I dlM^2J0il ¥ MgHXI^HSj iiSi 

gos^s stsecKoiw 'seHaiei 1 oi ah s*sb). wt&M , ef^ ±>/E.eii2J(34b)^ ^ m^hxi^eisi ^^i- SQ. 
nam. ggoii 2j6H m&B °imm ¥ jh^j msixi^eim ss§i aeoii ansaaeaM35a)s §sf §j sbsb 

Slie^9B^(35a)B ^^^IHM *|2|8K)I 3SE.aie!(34a)S lc»A|9lte HI15El|S(EAI til at) 8 S«»2. 
^MOil g^&iMEH3(36)M DHUAI^JQ. 

Q§2£, B£B!«BI3(36)^ m^B X||1SS9e!Bt(35a)^0U d|eye!8 8«8f3| ¥IB Hlia£Qt8 S^B HUH 
£S[i HH EH y 81-01 t! ^iUMEi 3(36)» SoH SeHSlI ffl (34a)0il S^£J^ d|My£!(37)8 S^BD. 

a§°5, di^£hei(37)e sbb xme^agsiosaj^oii xii2#efi2^ (35b)e sy bb»b si2S2taHSi- 

(35b)^ XiHe^^2^(35a)e 3r»2|°S ^ ^XI^EHSJ ^(34b)M ^#A|?l£r XH2^S(£A| gfif)8 8 

opi/h. snaaaanK35a)a »i2S^sasM35b)g asaaiJHUHAiEi §saoii is^i s^^ii aaAispi «b an 

838(35)010. 

^l^oHAH, XH2SS)S8 SBB 2SCHI MEI^EI^M g^IQ 0]|x|eij g§i S6H HI 2^ ^iS Oil 8£ia£IS8B|3(38)B 
^« OH^AI^J *, ME|^E|5MEHZ1(38)^0|| El El A^OI H(39)M SgBCh 

OUIAH, E|Ef^^E|AfO|E(39)^ El Els g** » ^xHE|« goH ISSlffl, ^ xH El ^ Di&ig ElEmg HMS^I ?| B 
£§01 OI^OJSQ. 

#8B ME|^E|^MEHH/E|Efs^£IAmiH(3£/39)^ ^ 2! XI ^ EH Oil 2¥ S^EIDf, HI2^^SCHI ¥^ GH^j@ S£i 
SQ. 

ai^S, E|Efs^E|AF0|^(39)fi SBB ££011 HH aid 912! El EffeSa^(TiN)(40)S gSTB Oil xl^OlU »fif3|3| 

ji sis cub een Hi2S2isaQH35b)&si Eia&a»Bf8 hi^skh xhi2=^»chi°> asAigm. 

01 AH , ElEmSSWUOJg ^ a«a»|St2| ^xHEIAIOII 8*¥a^8 §SH M El ^ El EH H (38)^ «f^Sfe 5 

s ^xi8Pi «b miaoiRosAi. oias hh eio^o^ Eia&a»aK40)aoii tiain, tisin sj oi^ei ^^g(oii^ai, 

TiSiN/TiN)eOI!AH CHi= 5fLH 0|g& 4- °[CK 

E|Effegsf°|(40)e 5^11 bHEICH°^ «^ 8^2^ HH Ei y A| SAI CHI IIHEiytlCH 8^2^3f 3 =01 B^W ^ 
£ HD. 

^^§1 ME|^EI=MEO(38), Ei EF^^ El AhOI = (39) SI E| Bfea»QM40)2| ^§^8 ^£E| XI ^ = e^ (SNC)OI EUL ^ 

Qi^. «l2SZhaSBM35b)#0|| 8^2^S SS8PI ?IB Xil22£^» ^, HI22!£Sie ^^^2^ HHEHy8h 

01 MEI^E|^ME-|3(38)S eSH ^^X|^EH£J ^^(34b)01l g^£l^ 8h¥a^(41)e S«»D. 
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0\J\M, 3h^£!^(4im laSfb HI22£^ ^S(Pt), OIBISOr). OIE|gtt»8(lr{), ^Eils(Ru), Re, Rh S OIS 
21 Sf&^PSSSOII/H <Mi«£l CH Jbn ofUI SSSFteQI, Oil « MS. Oldie, OI£IM£[SS gJ fi!j = °| ^ AH ^ 5|§g *h#QJ 

( i r/i ro x /pt)s oiseo. 

3 £13, 8h¥a^(41)g Ol^te »l2aEBtS sf^Ol^e^S(CVD), S£PI#S^H(PVD) §J S»SgsfS(ALD) g Oil AH <y 

cfi2^, sh¥s^(4i)s ss» 2^ oil ni3#^§2^(42)g m^mo. 

£ 4boii £Ai^ aroi. 8wa^(4i)2i s^oi =aiyHnwxi si3s^ae°t(42)s swspiaiaiBo* se^ ohxi^skm 

B&»»°SM| HI3«21«aaK42)LH0l| »*H^(41)0I 0HiJ@ fgs[Q. 

ooiak swa^WDs a3*a«aoK42)uioii dhuai^i^ a§ ^2^, e±n xn3aztaa°t(42)s sse!- * si3 

SZ.^£^(42)§ £^o^ A]2| moj 8^2^(41)01 ^SA|5?|3, 2 2 Oil fll2a£atS gSfS ^ Oilxl^j 

01 U If^^^l^l^SQfa^ OI^CHU 4 s SICK 

&a. ni3sz.^s^(42)o^^ teos, psg, bpsg ssi *ias^»B|5ii #»e. 6i£iBa»e,oii mmm ^ oissi ^a 1 ? 

£gg01IAH M^B CHin 6IU1 OlgohOI, XH1 1 ,2g2*g 2 e|(35a, 35b )£ BI3«e>fla st(42)0ll i^ii 01 gg 4> 

SICK 

£ 4c Oil £A|& bl-21 HOI, g&IIS SI3SZ*aHSf(42)#OII a«a»|Bf(43)8 S*f» ifSS AW 43) #011 ^¥2^ 
8 HgSPI 9IS HI3a£Q*g g^»CK 7\\ ^ AH , »l3a£Bfg EH EH y 61-01 »¥3^ (41)31- 3 3} PI- 

U CH B #¥a^(44)g SSehCK 

opiah, a«aaiQK43)s sbt, blt, pzt, g^goi g^gznu ^oi ses sbt, ses blt, £s pzt, mi^H^ 
d\o\^ ^^sj asaaisj- s bis^^oim ^3&2i asasioi- schi ah <m§^ ch^ ami s»shh, mmii&rn 

afa(CVD). SI LSMCD(Liquid Source Misted Chemical Deposit ion )g g Oil AH am£| §sf^f M6H §^ 

SO. 

3EI3, g¥a^(44)8 gaShte W3aE0tS ^3(Pt). 0|S|g(lr). 01 £|g£t2}B( I rO , ¥E||te(Ru). Re. Rh U OIB 
2J ^B^SggO||/d CH^ gfUl SgShM. »§t:?|#g£fa(CVD). #S^H (PVO) S a»*Satffl (ALD) g 

Oil AH SH42I i^gog gS^CK 

SxHg, 6f¥a^(41)2f #¥2^(44)01 XII ^ (43) Oil 2\m 2EjE|£]0i Sl^H^, #¥3^(44)3 33| 

^ XII SB £>X| BfcO. 

SE». #¥3^(44) HHEHyAI 6>¥a^(41)I» gttg 321^ ^r^6 r H^ ^¥2^(41) EH Ei y A| ^g^l D^3f ^jgg 
4^ ^10i D^a^i ^4iA|^ 4^ SICK 

£ 4d0il £AIS ^Ol. ^¥2^(44)M S&Sh 3 2 Oil fl^SZi'B aaK46)S S! S&a^ ^. flWSZJS H af(46) 

§ AjiH^o^ Aizn^q Ah ¥2 ^( 44 )oj n 2i ^^A|5|^ 3HHH A| E) ^^S( £EA| £tj^)S gggrj. 

^l^oHAH , 3HEHA|EHe^Se 2 2 Oil MBil 0| MEhSJ Ui M^^£J si^I ^AIS^I ?| & ^6[bH £IOi^(46)M g 

^ nn eh y oi- ^ ^ ^ oil MeiioiM^eie issf:i s^i-^ck 

OWM. mttmz\0\^(46)2.^t: TiN, Ti S! T/TiN e Oil AH »Lfi OlSffQ. 

^i^, ^^^S d^^H^ HHEiymOl 2J§^ ^¥S^(44)M AH^ S^APIfe «aiOIMa&!(47)* SS^CK 

£ 5a^ B «I2«A|0II0|| HfE asaai'0lia£|^»2| e^hSI^£OIH, £ 5b^ Xil2^A|0il0il cc^e asaacHi2£i^ 
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£ 5a2\ 'a'« ^sahs, £ ia as^i smsi asaaionsaiBoi ^ o§ saioieae!(PLi.PL2)oii §^a2 aa. 

^, am°J blM^2J(BL1)3J- ¥ }H°I ?-!HEr£!(WL1,WL2)0| HxrSrc: aSf^S dHxIEjH, MS bl (BL1 > Oil 

eioi s^a:a aii*i = ae!(WLi)on ^loi^^h HiiMaxi^auiNoa xiiim^xi^ehmni)^ xniBaioisstei 

(PL1) MO\Q\\ m^B Hliasaai3HHHA|EI(FC1)S OI^CHXIH, Ef^ MS ai^Eh°i(BL1)0ll HaieiOl S^£|H *{|2?-]EEf 
°](WL2)01I >ll 01 ai3Mail^EI(MN3)a UI3M^HXI^E)(MN3)^ ±±S± X||2Bai 01 §£f2! (PL2) AI-OICHI S^S 1112 

asaaMBHAiEKFCDs oi^oiaa. 

£ 5a2J S^fflSB aiOIOfgo^ EA)e E 5bM SSSJH , 2JH°I 9-1 = ^2! (WL1 ,WL2)3I- 22H2I bJ| §ag ( B L1 ,BL2)0I AH^ 

ia»sffe ■ a»(«iacH. u j§2^ miasm biM^eis a§2§ hh^s 1 -)^ uhxieioi, 9iE£r£i 

(WL1.WL2) A^OI CHI d|M£F£! (BL1 ,BL2)8 &£MPIB(£A| e^oPI 9I» dlME r £J ^ (BLC1 ,BLC2) 01 dHx|£|H, 

SFU2I 9IE£he!(WL1)S MEi SS6f}|| H1 1 HH A| EH S^(Capaci tor Module: CMDOI UHx|£H2. o[L[2\ 9-1 HEJ2J (WL2) 

B CttEF BfiSSPII »I23HJDIAIEISS(CM2)0I HHXISQ. 

OPIA). HI1.23HnHA|EieB(CM1 I CM2)S 91 E£f2! S(WL1 ,WL2) a* Oil MAS d I ^ Er &1 ^ ^ ( BLC 1 f BLC2 ) ^ 2^£|Xi a h £ 
* 9-]H£fPJe(WL1,WL2)°| E^OII HHXiaa. 

KB, SI13HIIHA|E|£S(CII1)S BE»PI»(£A| Bfif)9 E^iEl^ £S E| XI kEE^ (Storage Node Contact )(SNC1 ,SNC2) . 
±S&X|in = Seq(SNC1.SNC2)0|| 6r¥2^(BE1 t BE2) . 8r¥a^(BE1 ,BE2)M 2¥ ofU2| a^ 2 ^( TE1) o^ zp 

S£ID1 . ^¥2^(TE1)Hf SSS g§2£ 2tHiiEISAH B[L[9\ MEHIOI MEfPJ (PL1 )0| UHxIEIH, &¥a^(TE1)2| B 
B Oil &f MaiO|M^ei(PL1)B #¥a^(TE1)B S^APPI 9| e ?HIIHA|E|^S!(CAPC1)0I dHMSO. 

3EIH, SI23HHHA|EI£B(CM2)e BhE«pie(£A| gaOj)} BBiafc ^£E| XI (SNC3,SNC4) , ^EIXI^EB^ 

(SNC3,SNC4)0il 6h¥2^ (BE3.BE4) , 6r^a^(BE3,BE4)S S¥ §£r 6rU2| ^¥S^(TE2)2^ ^SBCM . 

^(TE2)j» BBS* ^§2£ 2 bH ^ £1 ^ AH orUSI B31 01 §£|oi (PL2)0I UHxIEJCH &^a^(TE2)£| mm S&CHI2J- 
5*e!(PL2):» 6T¥a^(TE2)B S^rApPI 91 B 3HflHA|EISS((GAPC2)OI UHXISQ. 

#31 B HI13HIIHA|EieS(CM1) % »l29HMAIHaS(CM2)0ll &CHAH, 2f 3HIHAIEISS §m°l a^2ie|(F)i S^SrDl, & 
¥2^(TE1,TE2)0I BaiOIM£|&i(PL1.PL2)0| EJ^f 3£teO. 

£ 6a LHXI £ 6d^ S ^§2J Xil2^ Al Oil Oil WrB a$?a«IDIIE£|£XhS| XII £ ^Si £A|ff Si BHEOIQ. OPIAH, 2J 
£ ^o| £ 5b oj y-y*^oj| [Tie £22] £ 5b3| x-x'^OII mm &2SE0ICK 

0I6K y-y'dOII ttf^ e^£^ ^SS r Di, x-x'^OII If^ 92£b ^^9.^. ^S6PI^ §[Q. 

£ 6aCMI £A|& dh£f aoi . BEaPI»(51)0ll ±X\?} ^£IS 91 e IE^£[^(52)i §SO, BE«PI»(51)6K)II ^§ 

>i£is ¥3i u^ai ?-i^^oj(53)e ^, 9-iH^ei(53) ^£xipib(5i)uichi oie^a^sM e§H m 

gHXI^EISI ±^/Haiej(54a,54b)M l^tfQ. 

CM ^ I AH . ^^/25||oi(54a, 54b) m ^^/Haiei (54a)^ Sm°| U| MBh ei (BL1 ) CHI S^EJ^ ¥ MSHX|^E)£| § 

§§i§^°^ ^§ehCK0|6f 'SSHai&J'Oiaj ^ k S&). If El- AH , Ef^ ^^/Haiei (54b)S 21 egHxiA.EHSI ^^(OISI- 

crM£^, a^th ssoii ^sh m^xi^ehs sbs aeoii an«Bae^(55a)B B«r sy i&ae ^. xumzi- 

Sa^(55a)S <y^^l£^ ^^ISrOI SeEai&J(54a)S £#APIfe Xil1^^IS(£A| Sa»H, ^I1seh S o]| 

ErM£^, §^&IMEH3(56)^F QH^jQ HI IBZJBeS ^(55a)^0|| tJI^E^g g^SPI 9I& m, M^E 
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E^e ^eh^o^ n|| a y sk)J g^Hi#£in(56)M S6H S§E51I 6! (54a)CHI S^£J^ til MEh£! (57)e iS&O. 

CII21, til eye! (57)8 S»e XII 1S2J« B! ^(55a)^0ll BI2B2*B0S* (55b)§ ^ H^B^aS^ 

(55b)5f ai1«^3e!B[(55a)S ^xf*|o^ A^shOj z| M^XI^EHHJ ±^(54b)e in^AI^ HI25BIS(EA| fim)S S 

3j|^oH AH , X]\2B^mm SB© B^ShS Oiixl^ 5§I SSH XII 2^ S Oil B£l M dt SSBI 3(58)# 

¥^ DHUAIZj BEIB&ISB£I3(58)&0|| El Elfe^EI AhO|E(59)e 8SSO. 

OPIAH, E|E}fe±J£|A>0IE(59)fe El Efs B^ ^xHBIS SSH 8390*. ^xHEl^ Dl^§ ElEIsM SI^SPI flff 
5§0| OI¥WaQ. 

4*BB fia«aSfiaD/Eiate££|AK)|E(5E/59)te ^^XI^Ej2J (54b) Oil S¥ 3^£|DJ, X||2SSjS0ll ¥^ DH^J^ 

a§2^ ( EiEf^^aiAhoiH(59)g sse 22011 hheioi^oi ei eibbs- QKTiN)(60)« s*re m, onxi^oiu aajsni 
nm&mm mm »i2«aaanK55b)#2i EiEt^astotB ai2sai»oiie s*Aiaa. 

01 ^1 AH , EIBtea»Sf(60)8 ^ ^^21^2] ^xHEIAIOil 5h¥2^8 BoW MZ\UE.\mM EH 3(58)^ af£*S*te 5! 

8 »XI8K?I flB HHaiWOfSS/H. 01 a » BHSIOWoSt E|EHsSaot(60)2IOII TiAIN, TiSiN §J 01 B3 *BB(OHBCII. 
TiSiN/TiN)eOilAH £<^a CH i= 81UB 01 SB 4> 21CL 

Eth QBfea»SM60)8 SBB UHEICH^B ^ 8h¥2=l EH E) y A| Oil HHEiysjCH 6^¥S^Hf 3 = 01 ggt ^ 
£ SICK 

3xHg, X||2^^S0il 0HU£1 = ME|^EI^SEH3(58), E| EFte^J £| AhOI E(59) * £1 atea»QM60)SI ± 
S£IXIinEeSi(SNC)0i£H2 HSteO. 

CfM^^, HI2SZ.^^^(55b)^0il 8h¥2^)M 838^1 fl» M2H£S>8 B^fff * t X||22E^8 d^o^ IIHE-iy8h 
01 ^SE| XI^H^^e e6H MS!XI^E)o| 4^ (54b) Oil S^S^ 8h¥2^(61)§ 8g»CK 

OUIAH, oF¥2^(61)g ISsfb a2SEn|S W|S(Pt). OiaS(lr). OiaStf»B(lrO. ¥Hlfe(Ru). Re, Rh SS OIS 

9\ ^m=?^mmo\\M cHi=L smi sssfteQi. oiis m&, oiaB. o\^\m^mm u ^ah^ ^e^i 

(lr/lrOx/Pt)g OIBBCh OiaS* 8^¥2^(61)8 0|*te HI22E^ »a^| «5*fH (CVO) . 8£l3I^S*fH 

(PVD) * B»8S*tftl(ALD) l§ Oil AH 51L\2\ g^SI g6H i^CI. 

»H. x-x'^011 CLfB SEES ^fflfiB , SHJSI « = (53)8 CUE! «H^£I^ ¥ ^H^l 8^2^(61)^01 AH^ >| 
EIM ¥3 HE£J^°t(52)01i o|5H ^ El £| 2 AH g^SCf. ^, ¥ PH°I 8^3^(61)^ BSS^^Oll 1^3 II Stz 

EL 

E 6bOil EAIE m& BOI, WS^lBDi 58fi 32011 JHI3ft2JBH a !'(62)B B^S 8h¥a^(61)2| S^OI 
^(TH^XI Xil3#Z.^2°l(62)M Ifsl^^l^ll^EDf E^ Ollxl^o^ S&sf8^01 X||3S^B H ^(62)LH01I ^¥2^(61)01 DH 

01I&CH. ^13Se}aE^(62)g SF§,^^l?tl^EOfm^ S^Oll^ 8h¥2^(61)HJ ^^0| DI0I8FQ1, ^g^S] § 

¥ ^Zi- XEPf S(» ^8 S^CHIAH ^^011 HHOI^ P^j ^^E ^^1 01 g Oil ^&s}Dt Jl^CJt. 

3EIH, 8^S^(61)M Xil3S2iaEQ|(62)LH0|| DHHA|3|fe Efe a Jg£^b, & H «|3S^a 2 s|(62)S m HI 3 

Se>^^Q|(62)e Ai^^o^ A|2|a^ 8^2^(61)01 §S1 E^A|5|H. 22011 HI22E^e g^Eh ^ Oil Xl ^ 

01 U »ttf2|3|5||2|a0J8K)| 01 = CH S ^ 
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9B, mm^}m^^(62)^^^ teos, psg, bpsg §21 tfaa&swai <l^m, aasaao^i mmm §=! ois^i 

£MSOilAH <meh£1 CHi= ami OlSShDJ, HI1. 282*80 Bt(55a. 55b)£ HI3B2*aHSM62)0ll 0|g^ ^ 

SHOt. 

£ 6cchi £Aia u\9\ boi. s&^a »i3saaaB«62)6K)ii a«s»iBK63)s g*re 4, a«aaiQK63)^oii 

B «e HI3a£nffi B«f»Q. 

^shah, Hi3aEots nHEiyai-oi ah¥a^(6D:a u bd\d\ it:hu ch hoi hi M^ei (57)51- ims^ gjet 

»a , x^oii coe &2£B ^fflse, &¥a^(64)g ^ smsi ^in^eis oa- tJH^s sh¥a^(60a ah¥a^ 
(6D^2i asaaioK63)6K)ii gaao. 

CM^I AH , &8a*l|QM63)e SBT, BLT, PZT, g^MOl S^S^U ££01 Eg SBT, £g BLT, Eg PZT, SH^M^ 

SfS(CVD). ^ LSMCDg SOU AH M^B o\L\9\ SStB8 SSH i^D. 

&¥a^(64)S S«8hte X-il32£^^ ^S(Pt). 0|£|&( Ir ) , OlSIS^SI-Sf IrO, ^Eil^(Ru), Re, Rh S OIB 
Oil AH <heh^i 5hU2j gsrgo^ g^Q. 

4f8& ^xHg , 5^2^(61)11} ^¥2^(64)01 SfSa»|SM63)0ll 2|6H ^261 ^dlSOi 21^°^, &¥a^(64)2J BD\ 

SE 6dCHI £A|@ ttt» SOI . 4W3^(64)8 S»e 2£0il »l48Z*aS SK65)S 5*f SI 8&»e x-x'^Oil 1^ B 
S£ S3ES^ , XH4SZJaeQK65)8 <mew^ aiz|6K)1 #¥3^(64)21 mm iBi in#A|5>|^ 3H EH A| EH a@i (CAPC/C 
APC2, £5b0il EAIS)8 SgSPI ?ie Xil3^S(£A| £S^)B i^|[Df. 

31^ shah , xii3^^se s^chi ^ gaioiM^pjm m^m gjxis^i we m&mzio\2\(66)m m^m 

OJ3|/d, *^HfflaiO|at(66)oSfe TiN, Ti * T/TiN ^ Oil AH SfUf 0IS&CK 

^^bHEicH^(66)e sse asoii Maioi^Efpje saa^i 9\m s*fe m, s^stB 

nHE-iya^oi biM^oj (57) out ima^ bH^sjffl «h a ei(53) out u^ai dH^aiz ^¥a^(64)g ti/t 

i/AI/TiN2J ^ AH ^ 5j§8 SeH0|E£Fe!(67)B SS^O. 

BB. x-x'flOII DS tffflMB, BSIIOI eeie!(67)S Si #¥S^(64)2| SI49S0II HI3a^Se S6H 

^¥a^(64)Hf S§2M 

01 £f ^01, Xil3^^SM M ^I0|^^oi(67)2| BHWIEt ISSHS ^S^OI DIOIIS ^S^jOil ¥&M ^Xl BOf ^ 

3511 Bgtt 4= °iEL 

X-il2^A|0j|0il^ 2|^2| 3H HH A| EH CHI 5»HHH A| EH^^M g^sfXI MBil 0| MEh9J (67)2j Oil Pi 

5^°^ ^^^j ^^AlOil ^|2|oj 3HHH A| EH CHI §^5^ CH mm ^ 

nam, ^hehaiehoii axil 3xib &¥2^2i B^gi^^ gcn^a^ e^oii 2i§[ u[±b ^S2j ¥&b ^ & 
oi soism. 

&¥2^(64)Hf oh¥a^(61)Z}2| B^tB ^Xlg^B O^U El- ^SSx|l^(63)e ^^H^ 
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SB, XII2*JA|0J|01IAH^ «aiOIMaeim EI&&2I «6h8 »X|8PI ?I6H at6HJHB|0mS AfgoQ H2U, •f^HHBIO) QfOI 

is^b 3HiiHAiEissioi saioiEyejsi aeon &ch sis^^s gaioiMyei^s^Ei *«8h= eie^o! a 

Sa»|atOII 3§fl ^Xl spi cm ^ Oil s^uHaioiam ^£ 

£i biM^eie ±h#appi ^§21 ^aiai^oi cxa^ sap* aiasu. s^biiaiows 4Ba*8fc s^oii^ 

^01 ^feShHS 3^HH£!2| SS| SENS 2*2J^eH^(wine glass) HEHS §£5F01 eaj2| g^SHH&E SUMS 

as oHUoi goism. 

£ 7£ » fll3£A|0l!0|| HI fllDliea ^»2| UEftH aiOIO^EOIQ. SI3ft|A|0||b Xi!2^A|0|| 

£ 7^ £ 5a2] Bim^-QW MB Cfi 3IO|0^£SAH f 2£ 9HIIH AlEH^h 8m 21 U??aMI sf(F)8 gS6f2 

6Wa^(TE1.TE2)0| Q4>2| SWS^(BE1 .BE2.BE3.BE4)* §b 3SS £ 5b2f §g8fU MaiO|MEh2! (R.PU)a 
#¥a^<TE1.TE2)« S^APPI flff 3H HH Al EH Ol !M?aHOKF)4K>|| D|£| ^gj*|o^ »¥8 ^(BEI .BE2.BE3.BE4) 9 
SU*| ?dlS §01 £ 5b2f [[§[[. 

^, 2JH2] ?-JH^°!(WL1 ,WL2)Hf 22H2] bl §afl (BL1 . BL2)0| AH Ii»8hfc SSfOH^CH, ^E^ojf g§2S bHHSI- 
H UIMBtSlS »82S UHStt)°£ UHXISDI. 91 (WL1 ,WL2) AhOIOII blMEt 2! (BL1 .BL2)S KESPIEMEAI a 
SS|&PI blMEfo] ^(BLC1,BLC2)0| bHxl£J~Q, 8m2| 9| HEh2i (WL1 )S CO-BI S«8t3l HI 13HEH Al EHS§ 

(cmdoi hhmsh. amai «=ae!(nL2)« eg 2* aas^i si23Hihiaieies(cm2)oi hhxisck 

OPI/H. XII1.23HnHA|E)e§(CM1,CM2)S ?-l HEh2l S(WL1 .WL2) S^OII UHxia bl ME|2J^M(BLC1 ,BLC2) 3^£|X| SE 
m «E£je!S2| Ef^Oil HHMSO. 

&H. HI13HnHA|EiSM(CM1)^ B*E»PI»(EA| ^^)5J- ±SE| XI ^H^^j (SNC1 ,SNC2) , ^SEIXIEE^ 

(SNC1 ,SNC2) CHI 8h¥a^(BE1.BE2), Sh¥S^(BE1 .BE2)«S ^AlOil gfe 8m2l &¥a^(TE1)£S ^SEIM. &¥ 

a^(TED3i- as^s swaasAi smsi «aioiMei2i(PLDoi bHxiaoi #¥a^(TEi)j» asaasMF) akoi chi 

8h¥a^(BE1,BE2)S 8H4*I 3H HH Al EH^i*(CAPC1 ,CPAC2)0I UHxISQ. 

3 dlH, HI23HHHA|EieM(CM2)^ &(£A| ^£E| XI Sj (SNC3,SNC4) , S^EIXI^H^^ 

(SNC3,SNC4)0il 6h¥2^ (BE3.BE4), 6^a^(BE3,BE4)MM S A| CHI 6hU2| ^¥2^(TE2)^^ ^^£JOj, ^ 

¥a^(TE2)5f mmm "Ji^s ^bH^a^AH sm si MaioiM^ei(PL2)oi bHxiaoi ^¥a^(TE2)a asaaisKF) Ami 

0\\ 6F¥a^(BE3,BE4)& 5fU^ 3H HH A| EH = ^ (CAPC3 , CAPC4)0I bHxISEL 

6»^ie »M3HiiHAiaes(CMi) ^ hi23Hiihaiehs§(cm2)oii &ouh, ^ ^huh ai eh 8m si ^^Bxm(F)m 

£ 8a LHXI £ 8d^ ^ ^S2j HI 3^ Al 0j| CHI WtB U^a*ll CHIHEI ±X[2] £A|§[ Si B2£0IP. Ol^ £ 

72J y-y'^OH &2£§ £AI8H2 910 . 

£ 8a0ll EAia «OI , yEaPI»(51)«| ^XFZI ^EIS H£A^°|(52)§ ISM, ^ESPI S(51 4i§ 

^eis ubsi HH^a ?-i£^2i(53)e las 21 21(53) 9421 b*£»pi»(51)lhoii oi^^^j^se mm m 

^XI^EH2J ^^/Hai2!(54a,54b)e iSM. 

CM ^1 AH , ±^/Hai2J(54a, 54b) m ^^/^ai2i (54a)^ ^ 6I-U2J blMEf2i0il §^£|^ ^ ^X|^Ej2J gfSi 

S^o^ ^S§hCK0|8|- 'gSHa^'OIEf 2fS§f). OP- E| AH , Ef^ 4r >/Eai 21 (54b)^ ^ M^iXI^EH^ ^^(OloF 



ssoif 2\m m^xi^eim sgg[ a^oii Mng^sssM55a)s ga* ^ sese mi§^ 

§^sf(55a)e £^32^ ^2|6f0j SSHai|oj(54a)e £#A|5?|fe Xiiie^S(£A! £H^)M xnie§!«oii 
6!BBI3(56)> DHHAiaiQ. 

S£@!Sa3(56):>* 0H^J& HI 18aa 2 ^ h (55a)^CHI dlSaBlS ggs^i flB BUSSES g*te H1 12 
£ cn» Aiaj^jo^ nHEiaSKM g^i!!SaZl(56)S §oH g§E.ai°i(54a)01i S^£J^ b|Mae!(57)S SS&CK 

a§2S, dlMae!(57)8 SS» HI1#ZI§^Q[(55a)^0il ai2S&aSttf (55b)§ g*- §y <=> H|2SZ}^2^ 

(55b) HI- fll1#ZI^£°t(55am Ai2|6K)1 2f M^lXI^EiHj 4^(54b)S ^MA|3li=r HI2SS|»(EA| £8^)8 § 

31^ SHAH , X||2^*iS8 SSS S^Oii 011x1^ 5§I S8H Xj|2^i*g0j| i£l ^ El 3(58)8 

¥^ OHUAI^J MEI^EI^ME13(58)&0ll El EF^^ El AhOI H(59)M IS§a. 

0PIAH, E|Effe6!£|A^|H(59)fe El EJ-s gs* S! ^ xH El M e6H iSgffl, ^xHEl^ OI£h§ EIE^M XOaPI flff ^ 

g§oi oi^waa. 

m El M £1 £)□/ El aer^EI Ami H (56/59)^ M^XI^EHSJ ^ (54b) Oil S¥ S^flW, HI 2^ S Oil ¥^ OH ^3 

S S S Q- . 

ai2^ t EiBte*JEiAhoiH(59)« isfi as oil uheich^£j Eiatea»af(TiN)(60)» g*fe m, oil xi ^ oi u mm^ii 
yi^&mm mm Hi2S2faeaK55b)^2i a a^ a 3-04*8 xomoi xii2^^soiiej- anAi^ja. 

opi/h, aatea3s,--(60)g asaawsi s^h ai ai chi m^zmm mm »a*iais»a3(58)s au^t 51 
s » n 8^1 a e tiHaw^ss/H. oia» oheich^o^ aateas-w(60)3oii tiain, tisin 91 ois^i ^i^gcoii^cn, 

TISi N/Ti N)^CHI AH 0]± 6HH 0IS8T ^ Sia. 

se». aafea»ot(60)s s»& bHEiojsig 6f¥s^ nH a y ai ^aichi hh eh y ch a^a^a- n ^o\ >&wm 4= 

£ 2JLQ. 

2xHg, XII 2^ S Oil DH^j£l^ MEI^EI^MdHZl(58), El Bh^ El AhOI = (59) ^ B a*S»aK60)2| SjgQfS ^ 

CH2£, SI2Syaaa[(55b)^0ll aF¥a^8 8«S^I «B XH2a£^8 g*tB JJ2aE^« ^^^2^ flHEHyai- 
01 ^SEIXI^H^^jM mm MSHXI^ag ^^(54b)0il S^£J^ 8h¥a^(61)8 IS^Cf. 

OPIAH, a>¥a^(61)8 SSSfte Xil2a£^^ ^S(Pt). OIEie(lr), OiaStf»S<lr.'). ¥9ls(Ru), Re, Rh ^ oie 

^ih^SMeoiiAH ch^ aim sssfeai, o\\m is, oieis. oiae^sf^ ^ ^ah^ 

(lr/lrO x /Pt)S OlSSha. 3dl^, OlEHth ^¥2^(41)8 0|^^ HI2S£°^ »a,^| fefSSfH (CVD) , SEUI^g^S 
(PVD) ^ ^Xfag^S(ALD) e Oil AH amsj §*^i g5H i^aa. 

£ 8b0il £A|& dh£f ^Ol, aK¥S^(61)S S^Oil »l3«^a 3^(62)8 m^m m, ^¥3^(61)21 S20I HEH 

uiami\ M3mz}m&^(62)m swmww&m oiixi^o^ n^^oi xii3e^a^^(62)uioii ah¥a^(6Doi oh 

oii^ch, ni3S2ia^si(62)e sf^^^i^i^ojDi-afe s^oii^ ah¥a^(6D°j ss^j £uo\ Dioiai-m, ^g^sj § 
¥ >iepi- g ^ ^o^ s^oiiah ^^oii £j6H hhoi^ ci^s^£ m\ iH^oii s^if^h ^h^afa. 

3EIH, m¥a^(61)8 Xil3SZ}^^^(62)LH0il 0H^)A|5|^ H JS2Ib, aaot(62)« ^ Xil3 

ezta^^(62)s Ai^iahoi a^¥a^(6i)oi isi ^sapiii, a^oii xii2^£^M ° oiixi^i 
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01 U £^^131320^01 0I¥CH^ ^ 2iP. 

mm , HI3aZ*a0SK62)2£te TEOS, PSG, BPSG MS| a&S£h»Sf3ll #tfg, a£l&a»Bf3ll Msim S 0|g£| 

^egoiiAH ch^ mus oisshm. ai B 2eaa0OK55a. 55b)t ai3s^aaoK62)oii ^§9 isii oisa 4= 

21 0. 

£ 8cchi £ai@ tit & aoi. @&sf@ »i3eyaaoK62)^oii asaaisu63)8 s*feo. ot^i ai . a$?SHisM63)g sbt. 

BLT, PZT, g^gOl g^SZHU ££0| ES SBT, £S BLT, £S PZT, IM^H^^OIM ^?£°J sog^ §J a 

& ffl|SM±9K)|M g Oil AH OH i= 6HH SBSHH, SfSM^gSfBtCVD). ^E!3§i ^ LSMCDS 

soiiAi smsj i^si §6H a*ech 

Cf§2^, ifSS SI Of (63)^011 HI4SZ.^^^(65)Hf 3SfS(68)S x^Bjj^ S^#(68)Bf »|4S2ia 2 S|(65)« 

a|eh^o^ Ai^6F0i 3??S»|SK63)2| ^§ 521 in^AI^I^ 3HHH A| EH &m (CAPC)M 9\m ^3(69)§ B^SCh 

COAH , AiEH^^S 5§i»(69)g ^ ^¥2^ £^2x^(63)01 sehsj ¥^0|CH , S^#(68)o^£r Tfc, 

Al 2 0 3 « OIS&CK 

£hS, 3HHHA|E^^e 9\& B^m(69) SSAI , M4mZtM&^(65)lto S^#(68)°l *|2tS -AiAi^g BhfeCHI , oi{= a at 
^OhS 01 S» ^A«Ai2|A| ^2 31^(63)01 i!f£Jb ¥l»0ICh. 

£ 8d0il £A|9 OhSf »0I, 3HHHA|Eie^M flff e^S(69)M 22011 &¥2^(TE1 ,TE2)M 1S6^| flffi- HI 32 

H\^mk\, S^afai- SI3S£EQt8 2^3£S HHEjyofOI »¥a^(61)3 O. &>IU CH 301 tilM^°IHf 5i»8Ffe 

stf25 mm^B ^¥2^(64)g m&oin, ^2^011 m^. s^si^ah ^^2^(64)^ sae bH^^ife m 

aiOIMdF2!(67)S iS^Q. 

CM ^ I AH , ^¥2^(64)^ ^S(Pt). Oias(lr), 01 d| S( I rC) , ^EIIfe(Ru). Re. Rh 9i OIS^J 5*S?£BgOII AH 2 

^9 ch i= ami s»moi, sf^^i ^^^^(cvd), M^ni^e^s(PVD) a; s»essfB(ALD) eoii ah am°i § 
nam, MeiioiM£he!(67)^ t i h/T i /a i /tin^i ^ah^ *h#@ s^sta oisea. 

^i§[ HI 3^ A| 011^, 2 SSI S6H AH aSSflWOI Ba^DKHI *»S In 8 S XI ST^o^ M^^DhOil 2| S aSHMIQfSI 
^SfS 21331 #¥S^3 8WH^2I BD\M 8818^1 HEItiB ^ £101 ^Oi2 3MAIEH3 B^ILHOIIAH CH 281- 
S AhSS 4= 91 0 . 

e 9^ s tta^i »i4« aioiioii asaaoiiaa^xjfii a aioio^Eoia. 

£ 9^ £ 5a2J e^U^OH CL^ EECFS aiO|0^£^AH , 3HHHA|E^^ Sm^j y°2xl^(F)§ a J82 

^ HH^@ ^¥2^(TE1 ,TE2)0I Q^9\ 6h¥2^(BE1 ,BE2.BE3,BE4)e Sfe 51^ MZMMOW S HI3^A|0j|2f §^6hll ^S 
H»OKF)#0ll ^¥2^(TE1,TE2)e S^AI^DI fl» 3HHHA|E^^ ( CAPC 1 , CPAC2 , CPAC3 , CAPC4 ) 0 J Dl £l ^^^^^ rpy|^ 
3S£ Xil3^A|0j|2f §ism, MB||0|M£feJ(PL1,PL2)0| 6f¥2^(TE1 ,TE2)°J SBOUE!- i^H SOI l]\ 

2MM0\\ ^ SI3aA|0||2|- am, 

^, 2^H^J ?-IH£h°J(WL1.WL2)IV 2^H^i til M ae! (BL1 ,8L2)0j AH^ IH^ofe &S(0ll21CH. ¥-IH^2Jg 9S2S bH ^ ah 
H blMeieiM UHaa)2£ «H»atM. ?-lH^ei(WL1.WL2) AhOIOll bl I M £l &] ( BL 1 , BL2 ) M ysapietEAi ^ 

^^a^l $\m tilMdhoi ^^(BLC1.BLC2)0I dHxl£IH t 8m2| ?-JH2J2J(WLim OBf 8 8Sf)ll HI 13HHH A| E|£g 
(CMDOI UHxISIH. QB 3FU2I ^JH^o](WL2)M Qja- StBSWI HI23HHH A| EieS(CM2)0| HHWaa. 
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OPIA). fll1 f 23HnHAiaeS(CM1.CM2)S ?-IEEh°]M(WL1,WL2) SJ^Oj| ynx!9 til = £121 S^i M(BLC1 .BLC2)Hf 8>£ 
Hf 9IEBte!B3 EF^Oil UHXIBO. 

BH, XHI19HHH A|QSM(CM1)^ e[£»PIB(£A| = ^£1^ ^MEI XI kE^^ (SNC1 ,SNC2) . r^Mdl X\±^^m 

(SNC1 ,SNC2)CHI 2^9 = (BE1 ,BE2) . S^S = (BE1 .BE2)S8 ^AlOil 6fU^ &¥2^(TE1)^ ^SSQI. &¥ 

2^(TE1)HF SSaSiaKF) AhOI CHI 9H IW Al EO (CAPC1 .CPAC2) 01 UHxl£IH, 6WS^(TE1)£| tt^SBOII 8H42I saioiM 
^°J(PL1)0| S^QDf. 

3 dlH, X1l23HHHA|E]eS(CM2)g WEflPI B(EA| 4BBf)j» SBJSte XI icH^§! (SNC3.SNC4) , *:S£IXI Jc = aei 

(SNC3,SNC4)0II 5^2^ (BE3.BE4) . 8t¥S^(BE3.BE4)BB ^AlOil §^ mU2| #¥H^(TE2)2S & 

¥2^(TE2)H|- a»aaiOKF) AhOI CHI 3HMA|EieeKCAPC3.CPAC4)0| bHx|£JH, #¥H^(TE2)2| gi*iiB0|| B[L[9\ 93I0I 
MEf£!(PL2)0| g^a. 

6PIB BI13HIIHA|E|S»(CM1) * XII 29H HH A| EH S M ( CM2 ) CHI £lOiAH, ^ 3HIIHAiase ShUSI a«a»|BKF)S SS&P. 
£ 10a LHXI £ 10dfe » tfS°| HI4*JA|0|]0il 0II££I ±»£| Hl£ EAI& g§ &ES0IQ. 

0I6K £ 92| y-y ' <M Oil d}g S^ShOl fiSSPIS 

£ 10aOII EEAIQ tiFSf SOI, B*£EflPI»(51)0ll ^EIS flB B = 6*»BK52)fi BB8H1. BEflPIB(51)6K)ll ^§ 

^dlM U&8I dH^B ?-IH£h&l(53)M USB ^, ?-!Edh°l(53) »^2| WESPI »(51 )LH Oil 0!£^£j§gS S6H M 

ail^HSI 4r±/Haie!(54a f 54b)S Bg&CK 

OPIAH, ^/Hai£J(54a, 54b) g U«* 4^/Hai £J (54a)£ ^ 8[L[2\ til e ^B! (BL 1)011 = ^.M^XI^EH^I 3 

§SiS^25 ^§eCKOI8|- 'BSEaie! '0|» °^^). CCf^AH , Etm 4^/Hai£J (54b)B 2* M£HXI^EI°| ^(0|3* 

'^'H- «rs»)^ so. 

□ §2^, S^B CHI 9\oW M^iXI^EiS SBB 2 3 Oil HI 1B2*« 2 ^(55a)« gsf ^ BBSB HI1#Zh 

l£^(55a)M Ai^^o^ Aj^ehOl §SEaie!(54a)8 inSAI^Ite HI1^8(£A| gs*)S 1^6f2, AMB^SOH §^ 

@!«an(56)M DHUAiaa. 

§±e!«eH3(56ph QHUS HI 1SZJB 2 ^(55a)&(HI dl^^ojg fjgapi flB SIISEStB gSfB xiMS 
£Q h« AjEH^o^ DHEiaSK)! g^SiMdH3(56)S SSHai£i (54a)0il £j^£]^ ti|MEh£l(57)§ BBBCh 

tiiMeiei(57)e ssb nns^^^^(55a)^oii mmzim^ (55b)m mm % bb»b m, Mzm^m^^ 

(55b)Hf HlleZ.^^^(55a)M ^x^o^ Ai2|ah01 2| MiSXI^EiSI ^^(54b)M inMA|3|^ HI2^^S(£A| ^^)S § 

^i^oHAH , XH2S@)SS IBB aSOil MBI^BI^S g^SHQ Ollxl^ Sil e^H X-||2^^S0il BBI 61 £1 3(58)^ 
¥^ QHUAl^i « , S£I^£I^M£I3(58)^0II El Els^dl A^OI ^(59)M SSBDK 

WD\M. EIEffe^£|AF0IH(59)^ ElEffe B<|- ^xH£l» e^H ^xHdl^ Ol^g ElEf^S Hl^sPI 9IB 

S§0| OI^OiSIDK 

6fBS M£l ^ El ^Ma-i D/EI Ef^^ El AfOI H (56/59)^ MgHXI^El^l (54b) Oil HI 2^ Oil DHtj& 

Q-B^S, ElEffe^EI A^0IH(59)M SBB 2S0il bHEIOi^o] Eiatea»QKTiN)(60)S S*fff ^. Ollxl^OlU s±^™J\ 

n\^&n\m mm xn2BzfaasK55b)^2i EiEm§af°m hi^skm Hi2e^soiis»- sbaisiq. 
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0131 Al. EI&fegaof(60)S g^axl|SJ2| §5HEIA|0)I tt±D\ Sh¥S^S SSH «EI6!Ejaga3(58)S SfdS^ 33 

g gfllSPI 9l§h dHEIO)at°SAH. 01 2H & dHEI0iSjo S t= E|E*tea»°i(60)2IOU TiAIN, TiSiN gJ 0|g°J ^&g(0||aCII. 
TiSiN/TIN)gOIIAI d^S 0\± SIUS OlStt 4^ SID. 

SE&. EIE^SsfSK60)§ 5S2! dH£|0|3fg Sh¥a^ nHEiy Al MAI Oil UHEiyaOl Sh^S^a D =01 §2tf 4= 

£ 21CK 

, HI SOII OHUSfe SBItf £ie*an(58). EIEffetfE|A>0IE(59) SI EJEftea»ot(60)2| Sli^g ± 

££ixu=£Si!ioiaii asta. 

D§2§, HI2S2fS2st(55b)^0|| 5f¥a=?g 91 & 33123 £SJ§ S^el HI2aEQtg £!§j5!2g IN Ely 81- 

oi ^M£ixii==ais gsH MgHxi^asi ^^(5^)011 a^si^ s^a^(60g aaeo. 

<X3|A|, 8h¥a^(61)g SSShte SI2a£0te Wi3(Pt). OIEIS(lr), OiaiS&SB(lrO. ¥E)l^(Ru). Re, Rh % 0IS 

si *ar?£«soii/H a§ia che oim sssfecii, oiis se. oieis. oiasaag a aiesi ^ahs ^iss ^eat 

( I r/ 1 rOx/Pt )« OIS&Q. 3£I2, 0138 8|¥a^(41)g OI¥te HI2aEa|g SfSf3|&g£fS(CVD), SSI?l6TS*tB 
(PVD) &! a»SSafH(ALD) gOUH &<m& SIU°\ 5*tBB SoH S*SO. 

s lOboii eais aoi. s^a^(6Ds see sboii JH3s#aast(62)§ sh¥a^(6i)si ssoi na 

feWHI fll3S2[aeoK62)S asf^j 31 311 2)201- Efer OUx|^°S B&SSK* HI3#^23SM62)LH0|| SF¥S^(61)0I on 

oil am. »i3*^aaot(62)s flwa^iai^Bowt g^oiife si¥a^(6i)°i ^ sa°i £*yoi oiqishm. *js^°i 3 

^ 3H B-l ta-Oh fegg 33 Oil AH £aOII 2| SH IHOIter CI& fi^E 33I Cffl^OII g&SPI- 3^S|P. 

ZiaH, Sh¥a^(61)g HI3S2ta2St(62)UIOII 0HSA|3|fe Qg gfSESfe, edXH HI3S^a3^(62)S s^e- ^ HI 3 
#2>§!£Bt(62)g dSjajog AJgShOl Sl¥a^?(61)0l g£!g ¥il ESAI3IH, aSOll *ll2aESJ§ S^tf « o)|X|tU| 
OIU SWa|3|3|aie!at8h0i 01^012 4= SIP. 

»a. *ii3«aae!BK62)2£{- teos, PS6. bpsg ssi nasaamyn gat*, iasisa,^! mms at oisai ^a? 

SggOUA) CH!= SIUB 0IS8KH. HM ,2*^a^^(55a, 55b)E HI3#2ta 3^(62)011 5|§a OlSff 4 

SICK 

E 10cO|| EAIS Hh2f HOI. g&lS fl3S2}a 901(62)^011 aSSX-l|et(63)g S*t»CK 0131 AH . g$?a*HS|(63)8 
SBT. BLT, PZT, S£gO| S3h331U 5S0I Eg SBT, Eg BLT, Eg PZT, m^.*±d\0\^. =?Z°i g#a*l|Sf 

* HISM±9>0IM g$?a*HBt go||AH ^sjg o|E 6IU1 H»»W. a^3|^S*HI(CVD). ^5!2| » 

LSMCDS gOIIA) dSJ@ 6IU2I gsfgg §5H 

a^Sfll e|(63)^0ll SI4Saa8JQK65)j» S^S(68)S xlSIIS ^, S^S(68)a »l4«ZtSaot(65)a 

^gjwog Aj^gfO) ^°SXIIR(63)°I ±m H01 EgA|3|fe 3HHHAIQaej(CAPC)S flff ^eiS(69)S S^&CK 

oi3i ai. sHiiHAiagaig ssi«(69)g 4f¥a^a a*aaioK63)oi g^g ¥Moik, §^=(68)°^^ tl 
ai 2 o 3 » oi sea. 

»H. 3HlIHA|EHSS|g 91 & e§IS(69) SSAI, HI4S^S2e|(65)Il|- SSfS(68)S| ^^^2|g ShfeQI, Olt §£l 

oi s& a^iAi^Ai g^a m si(63)oi gsfEi^ si yxispi flSOICF. 

E 10dCHI EAIS tll-^ aoi. BHMMEimmm 91 §1 ^i!|S(69)g S&& aSOil ^a=§ S^S|3| 9)S HI3aEB|g g 

*r& ^, HoaEafg asi^°s ^^shoi 4f¥a=i(64)g msma. 
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01 (01. &¥2^(64)B 6h^2^(61)^ 3 «:»U CH 301 dlM^PJUl- jRXm^ UHBSQ. 



OPIAH, #¥S^(64)S aij3(Pt). OIBIS(lr). OiaStt»B(lrC). ¥Hlfe(Ru). Re, Rh 91 OI*S| ^»?£SgOI|/H a 
CHin 5fUf SBShffl. »s^l&gSfe(CVD). B£J ^l6fS*ta (PVD) ^ S»S§sfS (ALD) g Oil AH 6m£| g 

s^sck 

□§2^, £ 10eOil £A|@ df£F UOI , 6f*S^(64)S SSB S^Oil BBII 01 §ae! (PL)S iS6PI «ff S^BJS g*> 
& 6WS^(64)2| gJ^ BBOlie!- M5il0|^dfoi(67)e SSAiaCL 

£ 10efe SE 10d°J x-x'^Oil TtB B^£^/H , M5II0I MBhPJ (67)S 0-4*21 8^3^(61)8 4 h ^S^(64)£J ii 

BOBB 2| SWS = (61)0II B£l6i&ieBa3(52)fie ll = <i»OK52)0|| AH ^ 3£|£|H^MH 2f m 

¥S^(61)M ^dlA|3lH &CL 

&H. SaiO|eye!(67)S Tih/Ti/AI /TiN^J £AH^ B^RB OlSSCh 

fll4fiiA|0||fe HI3^A|01I01I TtE sUfSJOII 3^(64)31- .89101 eye! (67)8 ^AlOil EH EH y 61- XI 8t2, ^¥2^ 
(64)°m EH Ely 61-01 BaiOIMyeio^ AhS»3| ?|oH, £^2^(64)2] il&om fiaiOl ^£12! (67)8 ISsfS £JH^ M 
51101^^01(67) §9\ EIEIhOI a«S»|OK63)os «U*£IO| ii^S^i S»A|3|fc 5!M gJXISHM. 5HHHA1 EH ^*IS 
3^1 §^6KHdh£ &X]\ m&*\0\\ *80l D|D|6F°^ 01 CHI 01 MEJPJ M OH 81-01 S§!XI»8 ^£SfeCHI£ g 
0I8FCK 

£ 11a LHXt £ 1 1dfe & 8*93 HI5^A|0il0]| D}g agfi *H01IS£|£»°| HIS ^gf EAIff 5§ EfPJ£^AH, HI 3^ A I 

o\\9\ B^m s^ss §y aioio^s 3*tQ. »oisoi sicfs, maie-i^oi ^s^iqj- saioiMahpj ahoi chi ^pss 
aom. 

£ 1 1aCHI £AIS dh£l- &0| , I )3f ^£S^S^(ll)OI §2J£J aEflPI »(71 ) Oil ±Xl?} ^£IS flff g ca^oj 

(72) m l^O, y£MPI&(71)#2| *ig<*( I ) CHI ^§ >IEIg ¥2 U&8| HHS@ ?-IH£hPJ(73)e S«» ° , ?-JHE|- 
9J(73) S*£| BL*£EaPIEK81)LHOII OI^°Jg§g g6H M^XI^EH^I ^>/Hai£] (74a,74b,74c)8 S«»CL 

CM ^ I AH , ^^/HB||9J(74a, 74b, 74c) g PJ (74a)^ ^S^SI d|M£f°](BL1)0|| S^£It= ¥ M^XI^ 

9 °-l sfgecKOISI- 'SSHaiPJ'OI^ a«|»). taeiAH. E}*? ^i/EEHS! (745)8 ^ M^X|^E|£| ^ 

^(0161 ^S^)^ ^^^J^g«( II > Oil MSB ^>/Hai9J(74c)^ ^ ^^U^g^(ll)S| dlM^9J(BL 

P )0! g^g ^gOIDh 

SSOil HI6H MSB e^xi^EHM S»e 230il HI1SZ>^9i^(75a)m SI 8&2fe[ ^. 11§^ 

aaoK75a)S ^^^jo^ ^]2|5h01 g»HB|IPJ(74a)3l ^^^l^§«(ll)Hj ^v/ HB1! oj ( 7 4c)M £MA|9|fe SI1SS!B(£ 
Al £B^)§ l^O, HH^^SOil §^&1MEHZ1(76)M OH H A| ^1 CI- . 

Cfgo S> §^&iMEH3(76b)^h 0H9S »l 1S^B H ^(75a)^0|| blM^PJS flff aMSE^B S^S 

AjEH^o^ UHEHy^OI g^HiMEH3(76)M e^H §§£31 9J (74a)I» ^^/£ 511 PJ (74c) Oil d|M^PJ(77)e 

dlMBf°J(77)g 5L^e[ J\\ ISZ^B ^(75a)^0|| »l2B^aH QK75b)B S S&sfEh ^, X-H2e^^P^^ 

(75b)5f X-UmZ}^pjo|(7 5a )s ^xh^o^ ^l^mOl 2| ^^XI^EH^I ^^(74b)S £#A|3|fe ai2SiS|B(EA| ^^)§ S 
SBQ. 

^l^oHAH , ^l2e^Se 5^11 2 S CHI MEI^dl^S e^am Ollxl^ g§I goH Xil2^^iS01l Mdl^dieMdH3(78)e 
¥^ QHijAl^i m, Mdl^dieMEHZl(78)^0il El EF^£J £| AhOI £(79)M g^^CI. 

OPIAH, E|Effe^E|A^OI£(79)^ EJEffe SI ^xHdlS Bo\\ BSEIffl, BSEI* DI^S El ElsB XHIXSh^l ?|§[ &|2f 
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a§2£, EIBte4l£|AK>|E<79)« S»« 3 a Oil UH £101^6! EIBfea»OMTiN)(80)« S^ff Oilxl^OlU SW^PI 

5ii at a on S6H »i2*aaaoK75b)«2i Eiafeaa^s ai^woi si2saiaoiie b»ais!cl 

> axispi we niaio)^2£Ai ( oiae BH&iojarasfe Eiafeaaat(80)2ioii tiain. tisin * ois°j «tttB(oiiaai ( 

TiSiN/TiN)gOIIAl £ CH^ 8tU* OlStt 4» 

se. E\Et^mm^(so)m sse aHdioi°tB ^ si-^a^ hh eh y ai s ai oii mi eh y si oi sh^s^s n ^o\ m^m ^ 

51xH^ , Hi2e^SCHI OH^j£J^ ME] il £1 ^M£H 3(78) . El Effe^ £1 AhOI H(79) ^ El Bfea»sK8G)2| 3j»sj-S ± 
££l Xlk:H^^(SNC)0lEH2 Beta. 

a§2§, xii2#eiaa^(75b)^oii swa^a iaspi we Hi2a£B>» s*re Hi2a£sta ^^^o^ mi eh y ai- 

Oj ^MdlXI^E^i»(SNC)S mm M2!X|^EH£>] ^(74b)0il g^Elfe 8^S^(81)S SS&CL 

OPIAH, 5f¥2^(81)M SSShfe 3ffl2S£EOtS ^(Pt), OIEIS(lr). OlSIStf »B< IrO. ¥9ls(Ru), Re. Rh » OIS 

si ^s^psggoiiA) cHin ami fission, oiia mm, oiae. oiais^as §y ^ah^ 5j§^ siss* 

( l r/ 1 rO x /Pt )« OIS&CK 3d|H, 0I2H& 5^a^(41)g 0I¥^ HI22£^^ a fi[3| #S*TH (CVD) , S£PI4fSSfH 

(pvd) §y a»es^B(ALD) e oil ah <H^& smsi s§h i^a. 

£ 1 1bCHI £AIS dhSJ- aoi, 6h^a^(81)g SS» 2 3 CHI BI3«2*aant(82)» SSfe 8^a^(81)2| SaOl E£H 
ttCOIJttXI ai3«2*aaot(82)« ^s^^l^l^aDI- SE*r Ollxl^o^ g&sf8K)| *H3e2!aa^(82)LH0|| 6^2^(81)01 OH 

opiah, swa^(8i)» ni3se*aast(82)uioii ohhapi^ aa2§^ f an Hi3«yaasu82)« ase* * xni3 
#ziia^(82)e <mbh^ aiz^oi s^2^(8i)oi m&m ^mm ±wm?\^i, 2 a oil Hi2a£sia ^ oiixi^ 
01 u asf^i^acHoiGi oi^cna ^ 21 dl 

ee, »i3«aaaaK82)2Ste teos, psg, bpsg ssi ^£i^<^^°^i ^sg, aasaas^i ai*g S 0|g2| safi^ 
seeoiiAH o\± ami oigshDi, nn,2seiaa^(75a, 75b )t *ii3#^aa^(82)oii 1211 oisa ^ 

SACK 

£ 11cOfl £AI9 tif£f ^0| , ^Il3#2!aa^(82)^01l SI Qi(83)S g^ej- °, ^S^J^g«( II ) CHI §£9 

^eh^o^ xHI>iai-CM I )0||a ^S2fll^(83)M 5.^AI!JD. 

«5|/d. ^^2X11^(83)^ SBT, BLT, PZT, M^MOI §3h£J>1U 5^01 £g SBT, £S BLT, £g PZT, ffll^^^ 

3hoiM ^^21 g^2*ii9t §y #^ iui^m^3foim ^p^sj asssii^ § oil ah cHin smg s»8HM . mm?\&m 

^S(CVD) , ^El^iJ ^ LSMCDS g Oil AH d^S 6m£J §^gf g6H SSfSP-. 

d§2§, u^2x-ii°j(83)e ^mm aaoii ^¥2^(te)s ssspi ni3S£Sie ° , ni32£^is ^^^o 

^ IIHEiy^OI ^^2^l^(83)M AhOI CHI ^ZQ 8^2^(81)^ 5HHH AlEig 0I¥^ 4WS=}(84)« 8«6!a. 
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OPIAH, &¥S^(84)S aSj3(Pt). OI£l§(lr). 01 £1 itfSSl I rC) , ¥E)lfe(Ru). Re. Rh S! 0IS2I ^I^5ggO||AH & 
§!£! 0)^ 8fUS 2&8H3I, 2fS.O|&esfS(CVD). S£l3l4f§^S(PVD) 91 SXf#gsfg|(ALD) g Oil AH 8H42I g- 

£ 1 1dCHI EAIS Uh2f aoi, HI 4* 2111 2 s|(85)g S^gl SeHOIS^oig §=*=A|9|3| ¥ltt ^aj^g 6JA|8hfeQ|. 
BJH fl!S^(l)2| HI4S2imaat(85)&}S da<*!°S ^2|8h01 ^¥2^(84)2) 531 kftAl^lte 3HHHA|E^§!S 

s age- *. ^easa^t 11)21 mm&m&eim), »i3*2iaeoN82) si fli2«ziaaoi(75b)s ^moi 

b|S£foj(77)2| ^§ SSI icftAISIte S^dHidS S^ii S«6hO. 

»a. s^bH<y§ a^ig sHnHAiasifis §^ai §aioii a^s 4= sick 

3II^6HAH. 3HDHA|EIS@iS SI 3^dHd§ e&!Sg 5f!t SSOII ^6hdH£IOje|(86)s ° , 3H AH A| E) g Sj 0)1 °! & 

WShE^ SK^dK£|0)af(86)M #§j*!o S HHEHy&P. 

0131 A|. *^bH£IO)OK86)2Sfe TIN. Ti 91 T/TiN gOIIAH SIU1 OlgshCL 

Ch§°£, %^dH£|OjS|(86)§ SS& SSCMI S^dH£8 SS8PI ¥l& g^afg §sf& ^aj* ij§|2!2S Ml EH 
ySK* 4^3^(84)011 SeilO|M£foi(PL, 87)S §S§I §A|0|| ?SS|£§^( II )2| S^dH£!(88)g Sg&CK 

Urn® HI5^A|0j|fe M§^( I ) 0)1 AH 3J^S»|E»(83)g ^SHI S°Hg fl|S|(83)2| &|ZtO|| D>S iill 2? HI oh 3 

. 4fVa^(84)^ 8h¥£^(81)2| 33>|« fiSIJII DHEHyg 4- 2iCH ^0i5! 3HHHAIEH2J 33ILH0IIAH OH &g 2S)g A)§ 

^eaisa^di )oii &«s«iqk83)oi s-nshxi atoh 94 ^eass^i n )oiiah2| g^dHds ass a 
gh A.2f ggoi soism. p. g^aaatsei sssihs 4iai3°£ »ftSfliatoi swt g?ap <y^g 

g ^A|& 4 SICK 

4fs& ^AlOUOIIAHfer 3«SX»ata 0IS8hfe FeRAMgJOH PISH «a8Ha°Lf. Cfg ^AIOIISAH BST, W s Si 32?? a» 

■ OlSShfc DRAM0II£ 4= SICK 

» »S2| 31^ Ah^S 4f3| W&5jf[ ^ A| CHI 0)1 DJSJ- 3|fcga°U. #3I& ^AlOllfe 3 ^Si 310101 

n mmm 9\& 3301 ofyg ^sjshoiot ma. eesk s ^s°i 31^ sot°i §4.^21 a§3h£fe g 31^ w&9\ 

a 91 LHCHI AH OS» *JAI 0113) 3}feB8 OI8HS 4* 2J§ 3301 CK 



4f*& uh» s tas s^^aaiefs nnays^i sf°2s ^s^a^zj- 3^21 ?)ggjoi ^sh¥a^2i b^ib ^>ii 

S 4= 9lO\ 3HHH AIEHCHI Xl%m 4= Slfe S8H?§ eCHAIS 4- 2iS^3 0)U£L ^^Sfl|B|2| ^^^gOIIAH ^^offe 

^a«^°j mmm &x\m 4= sioi s§4. h 2i °j§4ig ^h^ai^ 4- 21^ m3)3h 91a. 

3£IH, 3HlIHA|£iO)l 2|gh 9xfi mm 4- 2iCH 0h^3^aA|2| ¥81 SOIH S&2f2| (XBISS ?HdA|^ 4= 2Ji= S3h 
4f¥S^3f §aiOIM£f2J2l2| =§101 2ife =?&m dH §aiO|e^oj^ 8h¥S^2}2| ?)gS 4= 2^ 

CI. 

£E5h g£H2| aiOIOhSS ZICHS A)§5hSAH ggoj- blh^CM 2! §01 3h§8hW, B)IE|g2| 4=» 4= 2i3. m¥2^S 
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zmt i^^o^ah m a est stats Aimm& sanzt ^ssi xi^e ^xm s?ta ^xiis 4= si^ ti 

SEEK 2*2|2| 3H ITH A| EH Oil 9HHH Al El e§!S §SofXI STU M£h°]2l SB Oil St ?HIIHA|EH^e §£1^ 4= 9XO\ 

m±A\o\\ zwsi BwmMEiow m&mtt waes mm 4 atfer m s§§ B^swi^ife sapi- sack 

ti^PS 1. ^S^Bf ^SU^S^OI DIE*; 

*jgc* Ah ¥0i | gAj^j Q^oj 3^*j=i; 

^oii u« ansa*; 
sbbs stfe oiieai ^xk 

2. M\mo\\ 21 01 A) , 

&D\ L[^°\ §^3 = 011 Plgsfe &D\ Q^9\ Ah ¥2 ^oj l^aI^I^ a^2] gijli i^H #}| c ^o| m 

¥2^1 Sg^Oll X||2SS§: §J 

»I2SSSSI tt4>2| moW Q&2\ §A|0il a<*A|3lfe 6m 2| BSIIOIMBteiB SBBB ^ 

of^ aSSHI DilSdl £Xh 

S^S 3. HI18T0II iUCH AH, 

fc Xll2a&8; ^ 

£>0| «I2SEB2I s^il S5H #31 D*2| ^¥2^ 2^011 2tHgj£i2AH q^oj m$\0\^E}21 

s=?9 4. xmstoi sach ah , 

#21 a^s\ ^¥2^^chi #3i a^2j gg§[ ^g£jai xin^s^m 01^^ c^©i saioiMye!: ^ 
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hi meats ah i^ai^i^ mzm&m^ g^ssi mz™m^ 
m sses ^S2^ stt a»a«i chisbi ±xk 

5. S1 1 »OII &OUH, 

xii2¥^§ aft ^§2§ »ta#a»i oiieai ±xk 
a?» 6. nsaoii ^chah, 

&}| 2t2|g #3| Xi!2¥^Sj ^§ SSI S^A|3|^ ^^§1 gflQ &J\ Ot^9\ y^S^i gfe HI23I 

QLj 

3i| Si eaH &D\ Q^9\ 2,^011 ^£j£AH #J\ B|2¥^fiP Sfg S*fc S £11 01 M £1-2! 

§ s»»s ^§2? asaa ousej ^xk 

7. «I5»0II &CH AH , 

6^1 Q^°J £>0| ^2Xil^H| ^§ SSI in#A|5?|^r E^Il 3*fe XII 2^ 2^ HI S^SSI £AH^ *j 

#9 xi!25je^£] £>oi ^^ii mm m\ assaistoii s^sisah ^oi ni2^e^ aeoii ^im ^§ 

fer a$?S»l CH1SE.I ^XK 

S^S 8. XII4S XII 7S Oil 9i0\k\ r 

&d\ s^§8 tsq §j a 1 2 o 3 eoun smej £M ^s^^ »t asaxii chisbi ^XL 

9. Mg^Hf ^££1^3^01 %£\& D\BS\ #D\ *Jg« &¥0ll Q^2\ 5h¥S^m S^Wte 

^oi a^oj sse asoii xiiia&as a gait eai: 

asaai^oii ^ch£ £>oi q^si 6h¥a^sa e b^im iasogb m\ q^s\ s^a^oii 

^ CH»61D1 Efa§2£b 2*2|0| £>0| D}-^2J Sh¥a^0il i§2§ CH»8hte ^¥S^§ SS6>te B3I 
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io. mmow ?xo\m , 

Q^2\ 5h¥2^2J S^S ^§A|5?|^ B3||^ t 
S?» 11. SI9S0II SIW/H. 

H 2§9 *ll2¥^g 3»h XI 01 3i 5^ 3«a»l DilSdl his gjg . 

g^S 12. H1 11 SOII 910\M, 

mm&mm a^^s A^sfoi o^s\ 2*2*21 ni2¥^e ±c«Ai9ite ^^h sashfe eai 

• QJ 

» X 

^01 1-11212^011 ^mrnow 9\m &d\ hi 2¥ soil s§!£iH/d 0*4*21 nnm 2Wi£ib p- 

m 5§ii ^S2^ asaai Qiisai ^x^2i his aa. 

13. XHI 11&CHI £!OUH, 

a 4= 2] ^ ¥ xj3o hss shoii Hi2gass issf^ e^ii; 
£>oi n\2m&mm ais^o* ^01 04*21 2*2*21 jy^ss ^#Ai3i^ g^n sasht &n\ 

; QJ 

HI212g£*0ll g^SCHI 2J6H k§9 fe*3| HI2¥S0II ^i»£l£AH £>Oj HI2¥SMQ 5*S ^ 04>2] 

SaiOIMyeig laSffe BJI 

§ ss@*s ^s^^ 6^ ussa ousei ^21 his g*a. 

14. X-l) 12S SE^ H1 138*011 2iO)/H. 

xBases 04*21 ^¥2^oii ss*gt g^§§ £e*e*s ^§°^ Wfe a«aa oiisai ^x^ his 
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